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ABSTRACT 
The project "Service life and product approval of base course stabilizations - 
lnfra-Stabil" was carried out during 2004-2007. This Summary report includes 
its essential results. 
The study consisted of three parts:  
• Development of bituminous base course stabilization 
 •  Full scale trials with stabilized road bases  
• Development of base course stabilization service life evaluation and 
product approval. 
The results of the project are shown in six different reports, which have been 
published on the internet site of the Finnish Road Administration:  www. tiehal- 
• 
	
	 linto.fi.  The Summary report has been published both as a paper publication 
and on the internet in English and in Finnish.  
ln Finland base course stabilization is usually made using existing raw mate-
rial from the construction site and this will set definite limitations for following 
exact recipes of mix composition. However, a successful stabilization result 
requires that the stabilization method is chosen based on the properties and 
conditions of the road, also assuming enough time has been allowed for pre-
liminary planning, the mix composition stays in the defined area and that the 
stabilization course is compacted properly. 
The essential results of the project were:  
• changing the mix compositions (gradation and binder content),  
• identifying that anti-stripping agent must usually be used in a foam 
stabilization mixture,  
• changing methods in specimen preparation and mix design, 
 •  changing test methods, 
• 	 • confirming the dominating effect of compacting to quality both in the 
laboratory and on site,  
• identifying that the number of freeze-thaw cycles has a significant effect 
on the stiffness modulus and consistency of deformation resistance,  
• producing research material for the basis of the requirements readjust- 
ment for stabilizations, 
• obtaining reference data for possible product approval studies of  sta
-bilizations, 
• developing service life evaluation methods for  stabilizations.  
The essential results of the project were taken into account in the construction 
specifications at the same time as the research project was completed.  
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GENERAL 
I GENERAL 
The "Service life and product approval of base course stabilizations - lnfra
-Stabil"  project, a part of the INFRA technology programme, was conducted 
between 2004 and 2007. This summary report includes its key results. 
Course stabilization is a method of improving the road structure in which 
the sub-base or the base course, or the upper part of the base course, is 
bound using bitumen, cement or blast furnace slag or a combination of these. 
Stabilization is carried out both when constructing new roads and renovat-
ing old roads. Typically, base course stabilization is used for improving the 
structure of an old road, and the method utilises existing material from the old 
road. Alternatives to stabilizations are an unbound base course of crushed 
S 
	
	 aggregate or a asphalt concrete base course. The stabilization improves the bearing capacity of the road. 
The goals of the research were to:  
• improve the methods of assessing the service life of stabilization and 
to produce the required laboratory test parameters,  
• improve stabilization know-how and research knowledge,  
• produce a method for assessing the service life and product approval 
of new stabilization methods and products,  
• explore possibilities of standardising the product approval procedure of 
base course stabilization with Sweden or possibly Norway. 
The research comprised of three sub-studies:  
• research on developing bitumen-containing base course  stabilizations 
• full-scale tests,  
• developing the service life assessment and product approval of  stabili-
zations. 
.  
The research to develop bituminous base course  stabilizations aimed at 
creating a base for the development of experimental methods for assessing 
the service life of stabilizations and to improve stabilization know-how and 
research knowledge. 
The full-scale test studied base course stabilization types conforming to existing 
 FINNRA  construction documents and created reference data for stabilization 
service life analysis and product approval. 
The third sub-study explored base course stabilization types conforming to 
 FINNRA  specifications with laboratory experiments, with the aim of develop-
ing an experimental method for assessing service life and gathering reference 
data for product approval research. 
The project was concentrated on the study of the five different stabilization 
types mentioned in the table 1.  
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Table 1. Definitions of the studied stabilization types. 
Stabilization Definition abbreviation type 
VBST Foam bitumen Bitumen stabilization in which the added binder is bitumen 
stabilization foamed with water - 
REST Remix- Bitumen stabilization by the Remix method 
stabilization  
KOST Composite Stabilization in which are both bituminous and hydraulic 
stabilization added binder in same course 
MHST Blast furnace Stabilization in which the added binder is blast furnace 
slag stabilization slag with cement activator 
SST Cement Stabilization in which the added binder is cement.  
^^^^^^^^^^^^^ 
L 
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2 RESEARCH RESULTS 
2.1 Development of bitumen-containing course stabilizations 
The sub-research to develop bitumen-containing course  stabilizations included 
laboratory tests for foam bitumen stabilization,  Remix-stabilization and 
composite stabilization mixtures. The following tasks were carried out for the 
selected stabilization types (foam bitumen stabilization,  Remixer-stabilization 
and composite stabilization):  
• the properties of the stabilization types and factors affecting them were 
explored using literature studies, previous studies and laboratory tests, 
mainly utilising the current methods,  
• the sample preparation, mix design and research methods suitable for  
. 	 stabilization mixtures were explored and developed as necessary,  
• a foundation was laid for the development of methods for assessing 
the service life of stabilizations.  
Defined guideline grading curves A - C for the studied stabilization mixtures 
are shown in the figure 1. 
Based on the laboratory tests it was found that, technically, the best bitumen 
stabilization results are achieved by:  
• using proportioned crushed rock material from the mid-range of the 
gradation curve specified in the Finnish Asphalt standards 2000,  
• choosing the bitumen content so that the mixture is coherent but not 
susceptible to deformation,  
• ensuring the sufficient water resistance of the mixture,  
• compacting the stabilized course well. 
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Figure 1. Guideline grading curves A - C for the studied stabilization 
mixtures 
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The key factors influencing the properties of  stabilizations are binder content, 
gradation, density and coherence of the mixture. Water content and mois-
ture conditions have an effect on the properties of the stabilization in sample 
preparation, during the storage of samples, time of testing as well as in the 
road structure. The results of the research present the data on the effect of 
these parameters on the functional properties of the mixture, comprising of 
various studies. Particular attention should be paid to correct compaction both 
in laboratory and on-site conditions. 
Developing a method for assessing the service life of stabilizations based on 
laboratory and field tests was an important part of the research, including the 
development of reference materials designed for service life assessment  (e.g. 
 development of a reference filler comprising of minerals), development of ref-
erence stabilization mixture research methods and exploring the functional 
properties of the studied stabilization types and the sensitivity of their compo-
sition parameters using current methods. 
Foam bitumen stabilization (VBST) 
Based on proportioning tests, foam bitumen stabilization conforming to the se-
lected desired composition containing an anti-stripping agent had a good wa-
ter resistance. Reduction in binder content or density below the target value 
impaired the water resistance. If no anti-stripping agent was used, the  VBST 
 mixture was not water resistant. 
The deformation resistance of the mixture with the desired composition was 
good. The mixture did not withstand in the deformation test when bitumen 
content increased by more than 1% over the target level selected in the pro-
portioning or when softer bitumen (650/900) was used. Results of the  VBST 
 mixture stiffness modulus test were very sensitive to temperature changes.  
Remix-stabilization (REST) 
A Remix-stabilization is a bitumen stabilization made by the remix method. 
Water resistances of the studied compositions of the REST mixture were 
good. Reduced density impaired in particular the water resistance of the mix-
ture containing the most fines. Frost resistance and salt-frost resistance were 
tested using the target composition selected in the proportioning and were 
found to be sufficient. Temperature and density had a significant effect on the 
level of the stiffness modulus of the REST mixture. 
The deformation resistance of REST mixture was good using the bitumen 
contents used in practical on-site conditions. Bitumen content conforming to 
empirical stabilization formula was approximately one percentage unit higher 
and resulted in deformation-sensitive mixtures. 
Composite stabilization  (KOST)  
A composite stabilization contains both bitumen and cement as binder in the 
same layer. A cement / bitumen ratio of 0,33 is a good basis for the mix design 
of a composite stabilization. Change in the cement content readily influences 
the stiffness of composite stabilization. The study indicated that a cement con-
tent of approximately 1 % was well-suited for composite stabilization, figure 2.  
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The cement binds extra water in the mixture and accelerates the increase of 
the initial strength of the mixture. Composite stabilization had an exceptionally 
good deformation resistance and low sensitivity to temperature. Composite 
stabilization met the water resistance, frost resistance and salt-frost resist-
ance requirements. 
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Figure 2. Composite stabilization dynamic stiffness modulus dependence 
on cement/bitumen ration and binder contents, T = 15°C 
2.2 Full-scale tests 
The full-scale test of the stabilization methods was carried out during the 
project in the Vaasa Road District, with a structure improvement project be-
tween Kaitsor and Vöyri (road number 718), [3]. The following stabilization 
types (followed by abbreviation and stabilization depth in mm) were tested in 
the test road in test sections of 200 to 300 metres:  
• foam bitumen stabilization  (VBST 100 and 150 mm and 100 mm course 
with 1% higher bitumen content) 
• remix  stabilization*)  (REST, 100 and 150 mm) 
• composite stabilization (KOST 100 and 150 mm and 100 mm course 
with 1% higher bitumen content) 
• blast furnace slag stabilization (MHST 100 and 150 mm).  
*)  The site was supplemented with additional recycled asphalt (thickness 40 to 
50 mm) after premixing with milling. 
A premixing with milling section (without the addition of binders) and a FINNRA 
 specification-compliant REST section were made as reference sections for 
these, Figure 3. 
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S 
Figure 3. Remix-stabilization. 
As a general rule, the execution of the full-scale test succeeded well. The 
study resulted in stiffness and durability data for the materials, based on sam-
ples made at the actual site. The results are usable as reference stabilization 
type design parameters in service life design calculations. Continued moni-
toring (even after the completion of this research project) will yield additional 
information on the changes of the studied stiffness and durability properties 
over time. This information will be subsequently supplemented by the effects 
of other properties influencing performance. 
As it was not possible to test cement stabilization on the  Vöyri test road, 
full-scale test results for it were obtained from previous test construction 
projects. At two cement stabilization sites (main road 5 between Vehmasmäki 
- Hiltulanlahti and main road 6 at Vuoksenniska bypass), the measured bear-
ing capacities varied significantly, clearly illustrating the state of the cement 
stabilized course under the bitumen surface layers. It would be desirable to 
monitor the state of these test sections by way of surface measurements and 
sampling for years (at least 10 years) in order to obtain explicit data on the 
damage mechanisms connected with the stabilization type. 
Based on the laboratory tests of in-situ specimens, one may state that the 
most important variable in the preparation of samples for preliminary and fol-
low-up tests is density, followed by the moisture conditions at the time of test-
ing. The testing age of the samples has less effect, but stiffness and durability 
increasing over time should be kept in mind when utilising the test results. 
Design cannot count on after-compaction, because in practice after-compac-
tion causes considerable rutting in the surface. 
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The stiffness modulus results from the laboratory tests are somewhat higher 
than back-calculated values if using comparable sample density, and consid-
erably higher (over-optimistic) using (over)compacted samples conforming to 
the normal methods in the field (gyratory compactor  CEN settings and 100 
working cycles). Correct, representative parameters must be used when de-
signing the structure - if over-optimistic stiffness values are used, the design 
produces clearly unrealistic loading numbers. 
Increasing the bitumen content over normal (+1 percentage unit) did not have 
a beneficial effect on the measured variables stiffness, strength or bearing 
capacity in the in-situ specimens  (VBST, KOST). Stiffness and strength de-
creased following the addition of bitumen. The extra bitumen did not, however, 
increase the rutting speed at Vöyri during the follow-up period. The effect of 
additional bitumen may become evident only in performance monitoring over 
a longer term, e.g. as a decrease in damage speed. 
A two-year follow-up period is insufficient when comparing structures whose 
presumed I desired service life is 15 years. No abnormalities or damages 
measured from the surface appear in two years unless there is an obvious 
design, work or material defect. Monitoring conducted during the first years, 
however, describes initial quicker changes,  e.g. those caused by compac-
tion. 
2.3 Assessing the service life of stabilizations and developing 
product approval 
The sub-study aimed at acquiring basic data for the development of assess-
ment methods of the service life of base course stabilizations and to produce 
research-based service life data, as well as producing reference data for four 
base course stabilization types for the product approval of new stabilization 
products. These reference materials were: foam bitumen stabilization  (VBST), 
 composite stabilization  (KOST), blast furnace slag stabilization  (MHST) and 
• 	
cement stabilization (SST). 
The study presents two methods of defining the service life of stabilized mate-
rial. The first method defines the service life experimentally with the help of 
a similar reference product. The second method is based on experimental 
determination of the durability of a design parameter  (e.g. stiffness modulus) 
and calculation of service life using technical design methods. 
In the study, test series were conducted for the four reference stabilization 
types, determining their salt-frost resistance and the dependence of stiffness 
and deformation properties (or alternatively strength properties) on the number 
of frost cycles. The material also includes the examination of the sensitivity of 
these parameters to changes in gradation, bitumen content and density. 
The results indicate that the number of freeze-thaw cycles has a significant 
effect on the consistency of the stiffness and deformation resistance of stabi-
lized courses. Laboratory-determined design parameters (stiffness modulus 
and deformation resistance) should thus be determined also after freeze-thaw 
cycles. Usually, the change took place mainly during the first 20 freeze-thaw 
cycles, Figure 4.  
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Figure 4. 	Dependence of VBST composition stiffness modulus on mois- 
ture and the number of frost cycles (uniaxial dynamic stiffness 
modulus test). 
2.4 Utilisation of the research results 
The migration of the research results into construction practice already began 
while the INFRA -STA8IL project was in progress. The stabilization specifi-
cation was verified by a team consisting of representatives of stabilization 
contractors, binder suppliers,  FINNRA and VTT. Stabilization-related issues 
in the Finnish Asphalt specifications were included in the Stabilization speci-
fication.  
C 
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3 ASSESSMENT OF METHODS 
3.1 Proportioning methods 
The proportioning methods for stabilization mixtures were considered to re-
quire revisions, especially with regard to warm-mixed Remixer stabilization 
mixtures containing recycled asphalt. For these, the empirical formulae in the 
Stabilization specification 2002 suggested a too high bitumen content causing 
a deformation risk. 
3.2 Laboratory test methods 
The EN-product standard-compliant deformation test EN 13108:20 for base 
 • 	 course asphalt concrete specifies a testing temperature of 40 °C and it is not
necessary change in deformation tests of  stabilizations. 
The proportioning methods of the Stabilization specification in use at the time 
of the research have been harmonized and their number has been decreased. 
However, it is necessary to preserve the possibility of using both empirical and 
experimental proportioning methods in the preliminary testing of stabilization 
mixtures. 
When preliminary tests are carried out for stabilization work, the target mixture 
density, optimum water content with regard to compaction, water resistance 
and binder content should be explored. Gradation distribution should be within 
the specified limits, ln this study the coarsest gradation alternative C produced 
difficult to compact, fragile mixtures (Figure 1). This gradation corresponded 
to the lower limit of the specified limits for stabilization mixtures in the Finnish 
Asphalt standards 2000, and the need for revision was established. 
Foaming of bitumen in laboratory conditions was found to be successful both 
with a foaming device and in an open foaming vessel. Preliminary tests iden-
tified a suitable bitumen temperature of 170°C and a foam water content of 
2.5% as suitable foaming parameters. 
An anti-stripping agent should be used in the  VBST mixture, unless it can be 
experimentally proven that no anti-stripping agent is necessary. The need for 
an anti-stripping agent can be determined by means of a water resistance 
test based on indirect tensile strength. An anti-stripping agent may be neces-
sary regardless of whether the mixture contains recycled asphalt or whether 
it is prepared cold or heated. A separately-added anti-stripping agent was not 
necessary in KOST and REST stabilization with the tested compositions, as 
the cement in KOST reduces the need for a bonding agent and the emulgator 
 of REST also has a bonding-improving effect.  
VBST samples should be stored in dry conditions and  KOST samples in hu-
mid air until the testing can be initiated. 
The current status of stabilization testing methods in the Nordic countries was 
explored by means of a literature study. It was found that the testing and pro-
portioning methods for stabilizations were not yet harmonized. The problem  
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3.4 Service life evaluation methods 
The study proposes methods for assessing the service life of stabilization 
products, based on research results from project reference materials or pos-
sible laboratory tests carried out in connection with product approval surveys 
and test structures and application of the  FINNRA specification programme. 
No explicit tools yet exist for service life design in Finland. The beginning of 
damages can be assessed using the  APAS 3 programme, and rutting can be 
evaluated using the deformation tool's draft version at the time of the study 
(Figure 5). Both tools can be developed further with regard to computation 
technique as well as material models and material data. At the time of the 
study, damage speed could only be assessed using statistical models.  
• 	 Longitudinal unevenness, when it is due to the stabilized course, is mainly due 
to deviation caused by production engineering, and it was not explored in this 
research. 
Proceeding to service life design requires documented data on the service life 
and structures, materials and action history of existing structures. 
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Figure 5. 	Rutting produced by the deformation tool when the material of 
the stabilized base course is VBS7 REST or KOST Traffic vol-
ume ADT = 1000 vehicles/day and 100 heavy vehicles/day. 
3.5 Product approval methods 
Studies producing reference data for stabilizations in accordance with FINNRA 
 instructions were carried out within the framework of the study, with which a 
new stabilization product can be compared. The composition of branded prod-
uct stabilization is secret and will not be marked in the product approval study 
report. The research organisation will carry out a product approval study on 
commission of the agent of the new product, exploring the durability proper -
ties of the new product.  
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The new product will be compared to the corresponding properties of the clos-
est reference stabilization mixture. The reference stabilization types include 
 VBST,  KOST, MHST and SST stabilization conforming to the  FINNRA stabili-
zation specification, and for each branded product stabilization, the reference 
stabilization to be selected will be the one whose binder is the closest to the 
binder of the surveyed branded product. 
So far, no agreement has been made on which party or authority will make the 
product approval decision for a new stabilization product.  
.  
S 
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4 RECOMMENDATIONS 
New data on the properties of  stabilizations, the variables influencing their 
quality and performance obtained from the study have been partially adopted 
in the revision of the Stabilization specification, which took place during the 
final stages of the research project. ln future the requirements for base course 
 stabilizations  will be presented in the general construction quality require-
ments (InfraRYL) and in the Finnra's new Stabilization specification. 
Based on results of the INFRA-STABIL project the following recommenda-
tions are made:  
• Construction specifications should harmonize the current mixed prac- 
•  tices in declaring the contents of mixture ingredients. All contents 
should be declared as percentage from the dry (water-free) stabiliza-
tion mixture. This also means a change to the practices followed in this 
study. 
• The stabilization sample preparation and testing instructions should 
be revised. It is recommended to use a method based on the gyratory 
compactor in the sample preparation of stabilization mixtures as the 
method for choosing the target density (especially bitumen-containing 
mixtures).  
• The proportioning criteria for experimental proportioning methods and 
empirical selection method of additional bitumen content for REST mix-
tures should be revised in accordance with the results of the project.  
• An anti-stripping agent should be used in foam bitumen stabilization 
mixture, unless it can be experimentally proven that no bonding agent 
is necessary. The bitumen content of the stabilization mixture has a 
considerable effect on properties, so it should be managed either by 
means of preliminary tests or site quality control. 
• The foaming temperature of bitumen in foam bitumen stabilization 
 •  should be significantly increased. The suitable desired value with re-
gard to foam distribution is 170°C.  
• The suitable starting point for proportioning in composite stabilization 
is cement addition approximately 1  % and cement/bitumen ratio of ap-
proximately 0.33. 
• Salt-frost and freeze-thaw attacks have a considerable decreasing ef-
fect on the stiffness and durability of stabilization samples. The stiff-
ness modulus to be used in design should be selected, taking into 
account the actual weather conditions of the application site. When 
choosing the modulus, it is crucial whether the stabilization is allowed 
to freeze when wet and whether it is subject to frost-salt attacks.  
• The stabilization design procedure should be described and specified 
(principle of design procedure, application method). 
• It is important for the success of implementing the stabilization project 
that the contractor carrying out of the work is sufficiently familiar with 
the damage and action history, structure courses and materials to en-
sure the selection of the correct stabilization method and proportioning. 
It would be appropriate for the client to assume responsibility for having 
these surveys made or prepared in advance.  
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The density monitoring methods should be standardised and specifica-
tions issued (more specific instructions for the use of quality assurance 
methods, e.g. Troxler direct measurements, are recommended instead 
of surface measurements), 
Instructions for the use of roller density monitoring equipment should 
be composed and made a part of site quality documentation, 
Instructions for work-time tests, explorations and sample preparations 
should be issued so that e.g. quality assurance sampling frequency 
and composition would be representative. 
Follow-up of the Vöyri test road should be continued for several years after the 
completion of the project. It is possible to assess the ratio of deformation and 
after-compaction based on the state of structure displacement, and sampling 
can be used for producing data on the integrity of the bound course. 
The test road should not be used for short-term comparisons of work tech-
niques or material technology. The objective should be a long-term follow-up 
period based on a hypothesis, after which conclusions are made based on 
the work hypothesis and the results. The compilation and storage of material 
should also be planned and verified. 
S 
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